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(54) SEMICONDUCTOR LIGHT-EMITTING ELEMENT AND MANUFACTURING METHOD 
THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
semiconductor light-emitting element in which elements 
can be separated with proper reproducibility, even if 
selection growth is realized and to provide the 
manufacturing method. 

SOLUTION: In the semiconductor light-emitting element, 
a first growth layer 12 is formed on a growth substrate 
1 1 , a growth inhibition film 14 is formed on the first 
growth layer 12, and a second growth layer is formed by 
selection growth from an opening part made in the 
growth inhibiting film 14. An element separation groove 
for separating elements 13 is formed in the first growth 
layer 12, formed on the growth substrate 1 1 . Selection 
growth is performed, after the element separation groove 
13 has been formed. 
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imi^^m ] rssss 1 1 ±icm i jss® 1 2 *BfS 

SSS 1 1 ±«CJfJj?£3 1 fiSSJl 1 2 «<:«^^^P^:» 
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m^m 1 ] fS.&mm±icm i f&mm^nmL . ma 
r. 

a bM* fcSJC n ^>©ffii5(i^to-li-j!)^ P> S C i 

mminmo < «Sftai©^fegIg|5^:i«:i,^fcJ^(Dll2RgS@ 
[ftJjtilQ ] BtiiBi«$4M»Sffi. { 1 1 - 2 2 } 

1 0 ] ffgBH I nm.m\tm^-c$) 0 . ftriB 
Cif^^ 1 1 ] 1 fSMmkt^w^miKmmm 

Jl 1 iBK©¥«»ll7em^. 

nmm 1 2 ] ^sssiiic® 1 fSiSM^BfS,-ri>x 
(sr sx^ i , mn^^nmmm $ ;rcMiBii 1 

S;i±«:Bfg©P§nS)5;5rWr-2.fi£Sra*M?r?i5fiS-r-5X 
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1^^. 2^0^11 2 «^;&sglSUr^^$n 

m 1 2iB«8®*#«J^:J!c*^^©iiiit7^& 

1 4 ] |irfBftSIJI5l^©l» 2 fiSS»»milBfiSg 

mmimsr ^ct ^r^sti -r .sfs^js 1 3 izm<D^mii 
10 iM£fs^©«j*:^ffi<, 

(if*^ 1 5 ] Huia(«i4®(3:SS. {11-22}® 

^mt ^ct t -r^smm 1 4 iB*g©i|i^f*^7£ 
sg^^©$3^:^s. 

[If 3itiH 1 6 ] HufBm 1 m^mmzfrniEm 2 ^mmit 
mi 23&t&<ommt^^^i-<omm:^m. 

20 m\ QmWk<omm^^^T<r>nw5m. 
[0 0 0 n 

mcj;:-oxm\m.mm, mitm, m>m2m'mm^m-ir 

Ki/, !|$(c. Mfc;</';'i;A3S^b^'^^«JB©jta*'^';i/ 
■:'i£S{b^!^^S^®*jM!R«S3-S-C}i5g£5n-5^|iSS 

f*^3ic^^ i -e-©sSjt:;^fi6(cM-r 5. 

CO 0 0 2 ] 

-frSIS±CC±®iCffia>''« 7 T®. S i ^ V-^Vtc 
GaN*>^^i:.!>n)?Jl=3>5ri' h®^J{*^L-. ■e©±K:S 
i ^ K-7"bfcGa NA^^^c-SnfiJi'^-^ K®. S i ^ 
K-:7'Li'i: I n Ga N*>e.^cS?§ttM. Mg?:K-^' 
Lz/tA 1 GaNA^e.^C^pfSii'^ F®i. Mg^: K- 
T-bfeG a N<i: 0 J&S Pffll=i> 5r 5; h®!Q:i'%agl,A: 

^^*J*06ia-C(,>5o C©<fc^^c^it5rWLmSS?iar 
l^SSJfn <!: {^-C. 450nni 7!)^6 530nm «r^tf#fe. ^feiS 
ifei^-r:*-- K (Light Emittinq Diode) -^i^^f^U— !f 

40 -A^fiM^nri^-s, 

[0 00 3] Sfc. M{b;^''J'i'A^^SS1i-J;^<frS 

•?A©ra©^s^•;fg^*^6. teB^rtKBSs©i5{i*5|^ 

li-r-SCi*!*^. C©/c»»®J:K:<gia-'-c-y7r®=& 

■r^/ci?)©io©^s-r-*'9, Si^c. ^aFB^^R5?:^si^T 
^ae«j-c#B§^io-3i297i ^^mvit. mysf^^<Dmvi 

.^SfiS;^ (ELD: epitaxial lateral overgrowth) 
50 ^t>-t*rt,^<&. $e.5C. !HFPB¥lO-31297X^^Zf«CCiBiS 
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[0004] — ^mrjimmicm^iim^-mjmt 

^=^Dff$6E:^rffi<!: Orji. {^^«"Spatial control of In 10 
CaN liminescaice by MXVD selective epitaxy" D.Kap 
oinek et al.. Journal of Crystal Growth 189/190(19 

ti?>mvifS.BiX-u, m^fj:t^nmnm<DG a N/ I n G 

^, C(OJ:^tj:m^fj:t^mmnm<OM^^X-it. SB 

mis.utcsm ( { 1 - 1 0 1 ) ffi) ccrstts^j^js^ 

^Stt©lS]±-^aX»3tBO?!a*75iK#3nSC<i:*i*0 

[0005] siR^sscc J: o?^ftay^«©^it!B»3^*« 20 

m^«*&-r-2>BKj-C3M!RJ?ESUfc®4C pJiJmSi n « 

©^^®*5ft*:. 6 n fflil©^^±JcffM$ n-tSU 5 *a 
Siftito. nmipffliJ©?J{5^©'^S^:fl5^-rSfC«. pfflij 
©5SSH©— aJi&x 5. ^lyiftsaicj: -^X^^T^-jZ^ 

{C{4g-r«.^ 1 )iSS®«CnM©^^tt€r^?c-e. jlJRfiX 
J: S^S® *5-e©±fC}^^$ h.Xt.^tj:{,^m.3M9m 
©-a5{c^Bjit*tf-oT. nfflij3>f h«riS:^*s 30 

[0006]S7©(a), (b)(3:. 

S{C J; 0 ffJsS^ ns Aftilff5t^c©*^ftlfe3K^^^©W* 

m-rmx'$>i>, vyr^rm^8o±(,atGaNm£tc 
it A 1 NHAi t'i}^i^fji 1 ^sji 8 1 ^m&s ti. -e 
©I? 1 f&mm 8 1 ±«i: 3 vig^tM-?'-^ y =» v^-fb 
^A^6^<c2.R!cfiPfi#K8 2*%j;S$n*. C©)SgffiW 
M8 2tC{iigpg|58 3*5fj^3tX, ^®ggpa58 3A^€. 
©S!RJSS{cj:ori^2R!cgS*i!JI5fiX$<i. c©^2fiS 
S^CCn^©^lSIIJ18 4, fS14®8 5. RQfpM© 40 

[0007] m2&^{t:^nmjm<Df&smxs>f) . 

m^m(om 2 mmm 8 e ©±{c {j p fime s 7 *s jf^sdj s 
n 8 8 «B«a!© J: ^ icmmfmrn s 2 ©— gp 

«:PaPL)t.«a58 9rt«:jl5BS$n-S>, c©i:^«:nffiiM 
@8 8 <t p (fjmS8 7 ^miS.Ltc'ik. 07© ( b ) «C^f 

■rjr^jc. ^«^^©^^r^it^*iift>ti«.. mm&m 
ms 2©TK:ag-rsm 1 ^gus 1 nwmas s 

i3lii^S/cJt){cnM©^*i5!B5*5K-7'$4a-Cte»). -e 
©«mi4©W6^ 1 fiSSd 8 1 4«-?««c^»r-r 50 
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xitD-yv ^rm^8 o©i®*s®tij-r-5. 

[0008] 

«c. As:ft^?gt*;-?>'?-©ffi©f-7 5 y KttSL/<»'?-©^ 
[0 009] iC5Ai. 3l!RJSSfCJ:',-C^S^Sm2 

^gjitie5ESPi^ii©pgnga*^ 6 Aftiijett^-e©ffe© 

b'^Sry Ktt^ci'©»^tt{Cs!cS-r.5Ci*^6. fciiltf 

m 2 m^momf^M&ti^mR^ms 2 ©as-etJttis 
mic:K^tj:M$<Dm^^-ri,, micmm!imm8 2o:>m. 

iH^rsti^. ■e©lHgi^^»Jt^nfcM«{c^g^^st?ll9 
0 ^mm-r ?>cticrj:K), m2 ^s)i©]i.^^.gi3^*> 6 © 

SfigM*s*€.fc«?). 9 0?: 113^14^ <Jl^fiX-r 

SCi*sSg-C»^j:<. m^iSt»fflvXi'©-7Xi7t- 

[0010] -ec-C:$:^B^tt. ±^©S?$|!je<J^fi*Sli;cSE 
S31tt^<^^lffl©^^*inJfltite^«C^IR-?i 

[0011] 

[psi«-»9iT^fc«>©^©] ±ai©ss*«^-rsyc 

® ^JKfiS L/ . «lrl2l^ 1 fS.&S±iC^m.fmB^BlS. b . 
mfsB^fiPIWIiJCigtW 6 tifcP3PSl5*> 6©a*?RSS{C J: 

f)ll2fiSgllA5Jf5^$*X. BulBII2)igge{i:lllaia 

m. mitm. R€^m2mmm-^mmLxm!Si.sti^^m 

m 1 fiSg®!c«^T-S:J}.g|ffi©^^^gtrtAiff5fiS3ti. 
^^^5-^ft©JKfiS^tCB5iaail?S£S*itf i^ns C i 

[0012] iHTrs^mmoym'F^mm^rm 1 eRsacc 

S C i *5r- ^ . ^©^^^^^^■^<»©0^^ iltR^SS J: 0 
B?r«ctf^ci-c. ^^^»i»«©}KfiS^tc«. iitRfSSsc 

r*se>r. S«±©D^lCI/J^$<^C■5.C<!:7!li<=.. B^tt^ 

[0013] sfc. :^mM<Dmmiimym^o:>mm-:f7m 

i. msen 1 (!ss®{cs-^^ra»giffl©«^^^*j^fis 

f -s Iff i . H?f a^T^^?i«^fl5^ ? n/c Buieig i 

i. HiriBigP3P75^6©jlf?«SK:j:f)m2^Sjl*lll 

^smu. ^Tfes, Rc/ii2sm)i*s«jiL-cj^^?n6 
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[0014] c(Dmm:fjm(rcj:nu^ miRfSS,&^m^m 
^hr. wm^<m'=H^mm^j&isx^h. muss 

[0015] 

[0016] -eoM^xs^coc^ri^^g-r^ch. ^rm 

1<D (a) tc^r<:fc^cc. ^SSSl litc^liS;^ 
<bL.r«c^^c i/?^-c^^o{s, ifr^T-rr (A 1 2 o 

3 . AS. Ra. Cm^^tS. ) . S iC {6H. 4 
H. 3C^^ti% y. GaN. Si. ZnS. ZnO. 
AIN. LiMgO. LiGaOz. GaAs. Ms A 

A (GaN) 3^ffc^1^*«<*CD«3f4^^S^-l±^i#^CC 

[0017] c(Dmm^m±^cmf3L^ti^m 1 ^s/i i 

-r 5 <:: i 7&> 6 Ji/-:^ i£^<D{t^4^3^^^r ^ ^ c i 

FMrn^m-r^mitm^mf^. b e m g z n c d sif.^l 

^it^^f*. *5j:O'BeMfi:ZnCd03S^t^*«(* 
[0018] S{tie?¥^f*3^^6>^cC-2>;SS® br(-i. P!l 
ti^fi::^/ »; ^ A (GaN) m{b^i^4^^f*. ^ftr;!- 5 

(A 1 N) ^^b^^^zli*. mit-(>i^^A ( I 
nN) 3S^t^*igf*. mt^:yi^OJ^tjf')'^A ( I n 
GaN) .^{k^^4^^<*. m^tT)V^:z.^Ai7V^A 

(A 1 Ga N) mt^m^mt^^H^u<mm-r^c 

Jcfec^-C. InGaN. AlGaN. G a N/cC^tSt^^^f 
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bi>. STciEScD^. 27cilS(D^<OMt!a*«»^fi 
■r<Dr«^c<. mc^I nGaNr«. InGaNCDf^ 

cx'^mmm^. mitrnt^ttB. ak Ga. in. t 
a^i I ij^iL. vm^cu^^t^it^^i^L. 

(D 1 %IU^^L < 1 X 1 0 ° cm' &.T<D:^m9<D 

[0019] c(Dm 1 f^^mo^^&'^mt Lx^t. 

i^mtB^SrS (MOCVD (MOVPE) S) -^^^ 
xb'^4^e>>-ii (MBES) j^cicD^tg^SiS-^. 
F^^K^tl^S^£ (HVPEffi) ^mi.>6Ctt^X^ 
^« -ecDctir^>MOVPEa^<i:€>i, ffliiccjgB^ao 
&\.^i>(Df)m^tl^o MOVPEffir^J. Gay-Xi 
LTTMG ( h ')^^)hii^)^J>.) , TEG ( h Ux^ 

>:^'';'^A) . A 1 v-;^iL/r«TMA ( h y^^;!^ 

20 T;I/5^«;?A) .tea ( h yx^;l/r^l'5^'t?A) . 
InV-XiL/T^^. TM I ( h ';^^>'U'r>i>^ 
A) . TE I ( h Ux5^;l'-Y>S?'j/A) 3^acDT;U=^;U 

i;>xx;l.-7^^>/'^A) . Znr^nS^DEZ (>^x^ 
;l'v^>^) ^dricD^rxj&^^fflSn-So MOVPEffir 
Ctl6<D;^'X>&pllx.«6 0 0 -CW±CCtt3ia5n/cS 
30 ScD:S®icm*&Lr. :yx:$::9'^-r^CiCCj:0. In 

ctf)^x^ m 1 ^SH 1 2 {tnmmm(^cmm-r^fc 

^(Dmmmtbxwkn^-r^cti^^h. t^v ^>rj:^(o^ 

[0 02 0 ] 'A^cm 1 O ( b ) fC^T J: ^ CC. Sfc.tt^ 
^>Xi,^>y (R I E) ?^^cDx.>^>>/CCcl:D^^ 
^Sl^ 1 3 ^mf&L. m 1 ^SJl 1 2 ^mT-S(DM«CC 

Sill 2(Dmm('CMLxy :t h '}V^r;y -/--RfSCCj: 

5^ K«^^cC^<Dm2iSSS*^ff^iS^nri>^cCC^K¥ffl^j: 

r*>0. »^<^-T^il«i 33&^j&^5n^ciK:Aj: 

[0 02 1 1^1 1 2 ^ST^jc^gf-r^ct ^ 
50 m^^mm 1 3 ^nmotcm. a 1 o ( c ) cc7n-r<^ ^ 



^iSLmRmmi ^^nm-t^o c(Df&mRmm \ ^f^t-^ 

ho m 1 fSLmm 1 2 (fatmcm^^mm 1 3 n 
ffiWM 1 4 m^&^ti. m I fS,mm 1 2 {iSfe-ecD:^* 

[0 022] 1 4 ^^HCCfMb/d^. ^ 2 

(D <d) Jc^-Tcfc^cc, '7:<^^LXWm^?>fS.mR9 

COmaSt^ 1 4 aCO?Kt««. S^±ffiCC*f UrifiMOi^c 

jgjf^t^. R0tt. tfR«. HftffJi*. yMr>.nm^t^E 
(D^nmnmt ^tiho f&m&mm 1 4(oTS^(om 1 «c 

[002 3] c o cfc ^ i^cC^mcDff^t^cDif nas 1 4 a i)m 
h. 1120(e) (.C^rJ:^^C^ mvif&mcc^hm2& 

smtux. mimmmi 5. 1 S:e>'m2 2^ 
co^ 1 ^mn 1 5 let. mms^ 1 1 f)^-*)-y r^rmw. 

m^\t\ nGaN/i-^ I nGaNJl^A 1 GaNilrJi^t 

t?«3ioB*^6J^cC€^« c<Drsi*® 1 6 SI mmm 1 

mmmi i^mimmmi 5(Dmmmi^^f:>rj:hyr^y 
h^c^-oxm^^ii.. m:rh<D(rmiMr^mm^m-r 
h. miRfS.&(fCj:^xBf&$tihy^nmm^<ommm^t 

m«Sffi. {1 1-22) ffiSC>'Cti6SffitC||MW 
[0024] m2<D ( e) (C^-TJc^^C. m^(DJ:'?(,C 

hm^(c{t. m i zsmis i 5 \tmvi^&ttc^->x^ 

m 1 3 (DKSBR{>'fflijigcc ^^sfflwm 1 4 7j)^jfjis?nt: 
c ^ ^ c <h e» . ia:gpfiWM 1 4 o^fflS^^^^^ 1 
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3 ^ ff^^ L c ^xficD ^(Dtat'^r A ^ < j& r I ^ e • 

fitor. l^naJl 4 aCDSas-vCDGa-^I n(0J:'5J^cCM 

«i4/ii 6. Ric/m2mmmi T^s^s^can-c^^c 

[0 02 5] m2iS^Sl l^miRj&&<^^-yXB^SLi. 
fctC^X. 020 (f ) CC^-rJ:5tc. ffirSBSHftff^ 

«cD Aft ai^tt^^ htiihm2 f&&m(Dmuo)f&mmm 
10 1 4 o-gp^ran L r ggpgp 1 8 ^^mt h » c 

mmmi A(oma^t. ^(D^uuisp^xm^mmx^h 

mifS&m 1 2CDaffi$:SaiSlt^/'ci?)CD^><Dr'^0. 

;^^*3#r. S^^rtcoMi^-c^Sffl^JSi 4^-gp^ 

[0 02 6] fSLMmm 1 4 cD-gp^pgp u rp^nsp 1 
s^^mLfcik. ^30 (g) oc^-rj:'5cc. p^n^pi 
8 cDip^s^cc n mmm 1 9 a^^j^s ^ AnaiffM^cD^ 2 

^:g@CD«5+a54C^>-5ll2a#mil 1 7 CD^ffiCC p fflljmS 

20 2 oj&^ji^^^n-So nfflijmsi9«. — PdiLr, ti/a 
^c^-oxmf&^tih. 

[0 02 7 ] C(DJ:^rj:nmmmi 9RV'pmMm2 0 
^MfiLLfc^k. 03 (D (h) tC7r:-rJ:^CC. fS^^m^l 

c^i^. «5gssi i±<7>^s»^is^«cc^gtr^o 

30 GaNS4^^fl:|15i1^:7T i-icoWM~C^iStOG a i 

^to. mifSLsmi 2^G8iNmmmwmt'rhct 

X\ 1 1 in 1 f&mm 1 2<7>^®-Ci:fcl5e^^# 

iciijgir # &t(^m 1 ^sn 1 2 ictm^^mm i 3 &c 

2<onmx(Dmmtm'¥-mo>^mtrj:;B. rj:i6. 
mm'rhi^—^-tvxfctj:.^iy'7u-if-. Mmmv 

[0 02 8] mi^^c^^m^tifcmmt^^^m^^t, k 
40 wmfji^t^c^-yxmnmmmm. mmm^^mm. mmm 

snSo «:*>\ ±M(oxmx{t. mvif&m(fCj:^xmfS. 
^tihm2^S:m^m^icmmm^mm(Dt:nmj{m 

^f£^v^^xhm<. :^hy^y't^<Dm2f^mmim 
f&r^m^x^-^xhm^K tfc. ^^comm^mx^t 
mm»'M^m^tux^^'<:t- h'm^mi^mmu 
fcf>K mmt^\y—^-m^x$>r,xhm.i.K 
[0 02 9] :$:mmmm<D^mt^^^m'T'(>cj:n^t. m 
50 1 3 fitmi f&mm 1 2 (o^w^mt^mm^MLx 



(6) 
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[0030] imzcommmps.] ^mnmcD^mi^'^ 

[0 03 n 9tr. m4(D (a) tc^fct^cc ^gs 
m 3 1 ±(^mmmm 3 2 j^^^b^^ ti. -eo^^jfeSM 32 20 

CD±CC|^ 1 ^S;i3 3^iffjfi£? n-So fSLE:m^3 1 i L 

^mmm3 2iit. m^uyy\'-y'coGaNm'^A 1 n 
^■c^o, -ecDiccmi^sJss 3;&^ff^i?s$n-5o m 

f&mm3 3m^<DjLmTf^nm(Dt:^ ^ ^ h'mm.^mf& 

[0 03 2] cocfc ^ rj:mmmi(Dtm^^h. ^mm3 4 30 

€rm^jl3 2JC^^ai$tCff$iST'5>o CO^^«3 4 

3 3 ^m^m(oiMm^c^m'r^fcit^(Dmx^ 0 . m^^^ 
jSi;(^tt-r^>x.:i^>^ (R I E) rj:a<j:>x.y^>if(^c 

J:OJ^^$n^o co^^»3 4«. BS^pjgfjrH 1 

nm^R < 55^a?« 3 4 ^ ti a c i to^cc ^ . 

[0 0 3 3] ^4CD (b) (fCm-^JzrXfC. UO:^ 

>mim^iyvai^'mimrj:^f}^ibrj:^mmmm3 5 4o 
3<DmmiiCBf&sti^o 

[0 034] f&mfmm3 5 ^^socjf^^L/cf^. 04 
CD (c) cc^Ti^cc. vy^^iLr^ti-r^^sPi^ 
M3 5(D-^i)mi:$tixmm(Dm<o:>ma&^mm$ 

&m^mfSi^ti^. mwsLM:^cj:^m2mmmtLx. 
mimmm3 6. rsi4ii3 7. Rum2m'mm3 8i)m 50 
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10 

nm^'y^:^ h'mtoxm^L. mifS.^tmm(rc. tc 

So C<D^l«mH3 6«. ffiSSS3 l>&^1f>'T>fr 

ssi^ti. ^<o^'m^^cmx$>^m^(fat. rnvM^m 
(^cj:-oxmm^^mm(D:i^nmB^(>cmf&^ti^o m 

'0. I nGaNH-M nGaN/i^A IGaN® 

vtkts^mm(Dm^^^rj:^^ m2m'mm3 8iit. ps^^ 

V h'mtLXm^O. /c«f:;i{^vd^4^>^'^AK-:/<DG 
aN(D*P^«.m>6ff^^^tl^. fitt®3 7S:C/^2^ 
^3 8«||lagm/i3 6CDffli4H*^e>^cC'5:7r-fe ':^ h 

SA^itff^t^C0MS4®JS^^'Ix{S S®. { 1 1 - 2 2 ) S 

[0 035 ] $e)Cc«gFfl^ji3 so-gp^mo/c 
ik. t<Dmas^<D^m(>cnmmm3 9mm^ti. as 
is^t^cD^ 2 m^m<DWc9\-mc 2 mmm(Dmm^c 

i>mmm4 omm^tih^ n(ij^S3 9«. —mto 

X . Ti/Ai/pt/Au Hffi^i^r-ab 0 . MMmu ^(fCjz-oX 

Bf&^tl^. tfc. pfflijmS4 0{'^. —WiUr. Ni/P 
t/AuHaait^/ct^Ni (Pd) /Pt/Aum@1«^%W0. |g 

mmrji^ncjz^xBf&^ti^o 

[0 0 3 6 ] ccDci: ^ J^cCt»iS(D;$:^JSffJg|(D*^(*J%^ 

m^(ommmjs.mmm3 if>^^(oi^^mm 

(OmmtLXmrn^tl^o rUty'f^. ¥M^J13 2<D# 
6 . ^T^gi(Dfci6<D^g|?S 3 4 $i4^^#Jl 3 2^ 

iLhxmm't^ctii^uimxh^. ttc mi<ommm 
mcDmmi^^m'^ t isjisic. ^mm 3 4 t^n 1 fSi&m 
3 3(DBsw-mrj:mmi^Moxy :t h^jv^^y ^-mm 
ccjz-^xmfTZ^n^tcib. ^:^^mf&ti:^i>itm&^(iC^ 
mv^^. ^mm 1 3 f)mimm < Mogsfflccfl^^r # 
So 3M«^j«sNFtcfct>ri*. i#cc^^?i3 4©sgp:5to' 

ffMic4>liggPI^JIi3 bmm$tlXi.^^C6iJ^^. f& 

[0 037] [m3(ommmm] :mmmm<o^mim 

^m^mi^mx^^mitij u ^ Amt^^ma^m^m 
iRj&^xmm-r ^m^ikummsmx * 0 . ^^tc n 
%f)^m2i&^<D^^ufph^^m^ti^mx$>^. * 

xmrn-Th. 

[0 03 8 ] 5fe-r. (a) ^c^fcfc-^iC. fiSSS 

«5 l±(C||l^Sil5 2)&^ff^^5nS. fi£SS«5 1 
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[0 03 9] C<D^^fj:mm^(Dimi)^^. 05© 

(b ) ^^-Ti: ^^c. m^^mm5 3 1 ^mm5 2 
n 1 5 2 ^m'fmomM^^mrhfc^com'c^ 

0. m^UmZ:^^^t>:^y^>if (R I E) ^ci'CDx 

[0 040] 'A^C^ m^(0 ( c ) JC^T<:fc ^C. iy U n 

^^m^^^«5 4(DiSffiRC>'fflJ||€:^t^±®tCj|^^$n 20 

^gPflSli5 4{iv:5^iJ7^iL.rffit^6n€>^'C* 
0. ;^>'^•^:5?<^SL< ti-ecDftfec7):^iScc J: r> Tillies 
115 2<DaMtc0jS$ti'S, 

[004 1 ] f&mKmm^ 4^±m(>cmf&Lfci^. me 
CD (d) cc^-rj:^tc. '7:^^6Lxmm-r^fS.mR^ 

n^o ma5:05ffj^$n/cf^, iiFjsgcc<j:or.*2fi8 

I nGaNB^A i G SiNmvmt^m^o^m^^f^f'j: 

\m^{tsm. {1 1-22} MRo'cnessccjiM 

[0 04 2] :^X(rC. 0 6<D (e) CC?nTJ:^CC. mim 

mji5 5. r&t±/i5 6. Rz/m2m'^m5 7(D^^^^^ 
ma^nmas^b smM^ti^. coggpgps sow 
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[0 04 3] C<7)J:^^j:P^Pa5 5 8^0^i3cU/cf^, 0 6 
O (f) tc^fcfc-^^JC, -eoiangBS SCDF^fflJtCnffliJm 
m5 9f>^mJ&itt. Aftli?gtt(D^2SESHO«nSP5C 
^'i>^22g^li(D^B^p(|iJliS6 O^O^ffJ^^n^o n 
ffJj^SS 9{J. -m^LX. Ti/Al/Pt/Au mstfiSrab 

0^^. — CTiOT. Ni/Pt/Aum@ti3t^/c«m (Pd) /P 

[0 044] :^m§.mm(Dmmf^^^ik^<oj;: ^ cc. n 

. ^^^gt?S 5 3 1 f&&m 5 2 OK^aJtC^ffiJC 

0 . m^^mm 5 3 i^^^s^^a < K->mm(^cBfS,x^ 

^gfflWKS 4CD«ffiStJ:55^gS?g^f^^O/:ci^X?iCD*> 

i)^i^^^ctxm2fi^mm^^m('cmmx^^ct(fcrj: 

[0 04 5 ] 

Lxy^h vv^'^y ^-mm^cj:-oXjfm^ti^:fc 
c^xllco4>o^ci:b-<rA^<. mnU(0^'S^^o:>WMij' 

(ommm^^^'rxmmmx$> d . ( a ) ^ji^ i ^tX:^ 

^^^sxii^.T^fxusrffiii. ic)kt^&mmmmm 
iM^TTsriMmmmxh 

m2] ^^B^c7>^^»^*^^-<b-ecDi3^:^cD^i 
(ommm.^7TsrjLwsmmx& o . ( d > ^^^^spiw 
jg<Dggna5off5^g^,T^-rx?i»f®® . ( e ) 2 

^:g;iCDff^^!i^^t-X^»r®0. ( f ) «m@fficr) 

lapgpoff^^sxfi^ ^-r xg»F IBS r ^ « 
[03] ^^m<o^MW^m^'i't^<on^'mk<om\ 

iSaM^n-.rjim^mm. (h) t^r:/u->'a>ccj: 
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